Several biliary proteins have cholesterol crystallisation promoting activity. One of these glycoproteins is aminopeptidase-N, a canalicular ectoenzyme. This study attempted to localise aminopeptidase-N along the biliary tree, to assess its concentration in a series of 98 patients subjected to abdominal surgery, 40 of them without gall stones, and to correlate its concentration with cholesterol crystal formation time ofgall bladder bile. Aminopeptidase-N was isolated from purified native biliary vesicles. A specific polyclonal rabbit antiaminopeptidase-N antibody was prepared for quantitative immunoblotting and for immunolocalisation. Tissue was obtained from liver biopsy specimens and from gall bladders removed at surgery because of gall stone disease. Aminopeptidase-N was immunolocalised to the apical membranes of hepatocytes and to the apical pole of ductular and gall bladder mucosal cells. The nucleation time of gall bladder bile was mean (SD) 4 (3) days in the gall stone group, compared with 21 (18) days in the control group (p<0.001). Total absolute biliary protein and aminopeptidase-N concentrations were similar in both the control and gall stone patients. There was a reciprocal significant correlation, however, between the nucleation time and the relative aminopeptidase-N concentration (r=-0.35, p<0-01) only in the gall stone group ofpatients. This study shows that this apical transmembrane ectoenzyme with cholesterol crystallisation promoting activity is present along the biliary tree and the hepatocyte. These findings support the concept that high concentrations or qualitative changes of biliary aminopeptidase-N contribute to cholesterol gall stone formation. (Gut 1995; 37: 422-426) 
Abstract
Several biliary proteins have cholesterol crystallisation promoting activity. One of these glycoproteins is aminopeptidase-N, a canalicular ectoenzyme. This study attempted to localise aminopeptidase-N along the biliary tree, to assess its concentration in a series of 98 patients subjected to abdominal surgery, 40 of them without gall stones, and to correlate its concentration with cholesterol crystal formation time ofgall bladder bile. Aminopeptidase-N was isolated from purified native biliary vesicles. A specific polyclonal rabbit antiaminopeptidase-N antibody was prepared for quantitative immunoblotting and for immunolocalisation. Tissue was obtained from liver biopsy specimens and from gall bladders removed at surgery because of gall stone disease. Aminopeptidase-N was immunolocalised to the apical membranes of hepatocytes and to the apical pole of ductular and gall bladder mucosal cells. The nucleation time of gall bladder bile was mean (SD) 4 (3) days in the gall stone group, compared with 21 (18) days in the control group (p<0.001). Total absolute biliary protein and aminopeptidase-N concentrations were similar in both the control and gall stone patients. There was a reciprocal significant correlation, however, between the nucleation time and the relative aminopeptidase-N concentration (r=-0.35, p<0-01) only in the gall stone group ofpatients. This study shows that this apical transmembrane ectoenzyme with cholesterol crystallisation promoting activity is present along the biliary tree and the hepatocyte. These findings support the concept that high concentrations or qualitative changes of biliary aminopeptidase-N contribute to cholesterol gall stone formation.
The main stages of cholesterol gall stone formation are the secretion by the liver of metastable cholesterol rich phospholipid unilamellar vesicles, the aggregation of these vesicles with the appearance of microscopic cholesterol monohydrate crystals within the gall bladder and, finally, crystal growth and agglomeration to constitute a macroscopic gall stone.1 2 A number of biliary proteins have been reported to promote cholesterol crystal formation (nucleation),3-'3 or to inhibit this process.14 15 The role of these proteins, however, in the pathogenesis of cholesterol gall stone disease is still controversial. 16 We have recently shown that some pronucleating glycoproteins have hydrophobic characteristics and are associated with native biliary vesicles, suggesting that their origin is in the liver.'7 18 One of these vesicle associated glycoproteins was a 130 kDa glycoprotein identified as aminopeptidase-N (E.C.3.4. 11.2) and localised to the canalicular membrane. '9 This protein, isolated from native biliary vesicles, showed a concentration dependent cholesterol crystallisation promoting activity at concentrations usually found in hepatic bile. 20 This study had two objectives. Firstly, we intended to immunolocalise aminopeptidase-N to the apical pole of the epithelial cells along the biliary tree, including gall bladder mucosal cells. Secondly, we wished to assess aminopeptidase-N concentration in gall bladder bile of patients with and without gall stones and to correlate its concentration with the cholesterol crystal formation time of gall bladder bile.
Methods
Patients and bile sampling The study was approved by the Ethical Committee for Research of the Faculty of Medicine of the Pontificia Universidad Catolica de Chile. In some experiments, a fraction of the tissue removed in liver biopsy specimens were used after written informed consent from the patients. Only liver and gall bladder tissue with minor histological abnormalities were used. Gall bladder bile was collected at surgery by needle aspiration of the gall bladder.2' Bile was obtained from 58 patients with cholesterol gall stones (cholesterol content varied between 70% to 100% by stone weight in the patients) and from 40 patients without gall stones subjected to elective laparotomy because of intra-abdominal diseases, including mostly gastrointestinal cancer and some patients with inflammatory bowel disease. The absence of gall stones was confirmed by intraoperative palpation of the gall bladder. Table I shows the age and sex distribution of the patients. Bile was collected in sterile tubes with 0-05% chloramphenicol, 3 mM sodium azide, 0.2 mM thymerosal, 5 mM EDTA, 1 mM PMSF, and 1 mM leupeptin as preservatives.
Laboratory methods Aminopeptidase-N was obtained from native biliary vesicles, which were isolated from hepatic bile by ultracentrifugation and purified by column chromatography. '7 18 Aminopeptidase-N polyclonal antibody was prepared as previously described.19 20 The concentration of biliary aminopeptidase-N was measured by quantitative immunoblotting in gall bladder bile.'9 20 A rabbit antiaminopeptidase polyclonal antibody was used as primary antibody. Absorbed immunoglobulins were detected by using protein A coupled alkaline phosphatase and the colour reaction was developed with 3 bromo-4 chloro-5 indolyl-phosphate and nitroblue tetrazolium as substrates.20 Quantification was performed by densitometry of immunoblotted bile samples in comparison with previously known amounts of purified aminopeptidase-N as standards. The densitometric measurements of these standards showed a linear correlation curve within the protein concentration used in the procedure. We normalised the absolute protein and aminopeptidase-N concentration in gall bladder bile. Based on the wide physiological intersample variability of solute concentrations in gall bladder bile,2 we determined the relative protein concentration in each bile specimen by dividing the absolute protein concentration value by its value for total lipids found in the sample.
For immunohistochemistry, liver and gall bladder samples were embedded in Paraplast.
Four gum sections were mounted onto glass slides and placed in 60°C oven for one hour. After dewaxing in xylene, tissue sections were rehydrated by passing through graded ethanols. Immunohistochemistry was performed with the peroxidase-antiperoxidase method. The rehydrated sections were preincubated with methanol/H202 (9/1) for 20 minutes to block peroxidase activity. Washing steps were carried out with peroxidase-antiperoxidase buffer (130 mM NaCI, 3.5 mM KH2P04, 10 mM Na2P04, 3 mM NaN3, and 40 mM TRIS-HCl, pH 7.6) supplemented with 0.7% carrageenan when immunoreagents were used. Firstly, the sections were incubated with the rabbit polyclonal antiaminopeptidase diluted 1/100. Then, the samples were incubated with goat antirabbit IgG antiserum at 1/20 dilution for 30 minutes, and finally with rabbit peroxidase-antiperoxidase complex (dilution 1/150) for 30 minutes. After washing, sections were developed in peroxidase-antiperoxidase buffer plus 0.1% 3,3' diaminobenzidine and 0-01% H202 for 10 minutes. Mounting followed counterstraining with haematoxylin.
Cholesterol crystalformation time Gall bladder bile samples were processed as previously described.17 The interval between time zero and the first appearance of cholesterol crystals under polarising microscopy was designated as the cholesterol crystal formation time or nucleation time (in days) of a bile specimen. Only samples with no bacterial growth after culture were included in this study.
Chemical and enzymatic analysis Cholesterol, phospholipids, bile salts, and biliary cholesterol saturation were determined by standard techniques used in our laboratory.'7 19 Total biliary proteins were assessed by a modified Lowry procedure.22 The enzymatic activity of biliary aminopeptidase was assessed with 1 mM leucine-para-nitroanilide as substrate in 25 mM imidazole-HCl buffer, pH 7.6, at 370C.23
Statistics
Results are presented as mean (SD). Student's t test was used for parametric data. Nonparametric correlations were performed by Spearman's rank correlation coefficients. The value of statistical significance was set at p<0 05.
Results
To determine if aminopeptidase-N was present on the apical pole of bile duct and gall bladder mucosa cells and hepatocytes, we performed immunolocalisation studies, as shown in Figs 1 and 2 . It can be clearly seen that the enzyme is widely distributed on the canalicular pole of hepatocytes, ductular cells (inset of Fig  2) , and also throughout the apical membrane of gall bladder mucosal cells.
As Table II shows, biliary cholesterol saturation was significantly higher in the gall stone patients (1 30%) compared with the controls (108%). All gall stone patients had cholesterol monohydrate crystals in the sediment after ultracentrifugation. Cholesterol crystals were also seen in 10% of the control patients. As expected, the nucleation time of the gall stone group was much shorter than that of bile from patients without gall stones, from 21 (18) to 4 (3) days (p<0001). Relative total biliary protein concentration was significantly higher in the gall stone patients. Aminopeptidase-N absolute and relative concentrations were similar in both groups. Multiple cholesterol gall stone patients had higher aminopeptidase-N concentration than the solitary gall stone group, but the difference was not statistically different (0 15 (19) v 0-12 (0.08) mg/ml). The relative concentrations of total biliary proteins and aminopeptidase-N were significantly correlated (r=0-42, p<0 001). A significant reciprocal correlation was only found, however, between the nucleation time and the relative biliary aminopeptidase-N concentration in the gall stone patients as shown in panel C of Fig 3  (r=035, p<0 001) . In contrast, no significant correlation was found between these parameters in the control group of patients and between relative total protein concentration and nucleation time in both groups of patients. Aminopeptidase-N enzymatic activity of bile samples was similar in the control and gall stone group of patients (results not shown). Discussion Aminopeptidase-N has been considered a specific marker protein for the canalicular surface of hepatocyte membranes. 24 We have confirmed these findings'9 and this study also shows that the native biliary vesicle associated cholesterol crystallisation promotor aminopeptidase-N20 is located to the canalicular membrane, as well as on the apical membrane of bile duct and gall bladder mucosal cells. The localisation of this pronucleating glycoprotein to the gall bladder mucosa and its secretion into bile raises the possibility that local membrane shedding of this epithelium may also directly contribute to cholesterol crystal formation in gall bladder bile. We have previously determined the amino terminal amino acid sequence ofbiliary aminopeptidase-N, which includes the cytoplasmic domain and a portion of the transmembrane hydrophobic region.20 This finding is consistent with the possibility that some microdomains of the canalicular, ductular, and gall bladder mucosal cell membranes are shed into the biliary tree during bile secretion. Aminopeptidase-N activity is detected in bile 
It has been postulated that proteinlipid interactions promoting cholesterol crystal formation probably occur after binding and aggregation of cholesterol enriched phospholipid unilamellar vesicles.2 It is possible that some specific domains of aminopeptidase-N may favour the aggregation and fusion of these vesicles as a precedent step to cholesterol crystallisation. We have recently found that the hydrophilic catalytic domain of aminopeptidase-N has cholesterol crystallisation promoting activity, whereas the hydrophobic anchor has crystallisation inhibiting activity.25 In contrast, gall bladder mucin, also a pronucleating protein, requires hydrophobic domains to function as a cholesterol crystallisation promotor promotor.26 These apparently contrasting results reinforce the concept that the interaction ofproteins and vesicles is very complex in the process of biliary cholesterol crystal formation-inhibition. There is no consistent chemical or physicochemical pattern in the biliary proteins previously shown as promotors and inhibitors.
This study shows that, although the absolute biliary aminopeptidase-N concentration is similar in control and gall stone patients, there is a highly significant reciprocal correlation between the relative aminopeptidase-N concentration and the nucleation time in patients with gall stones. The use of relative aminopeptidase-N concentrations, calculated as the protein to total lipid ratio, permitted the normalisation of this parameter by taking into account the wide variability of solute concentrations normally found in gall bladder bile. It is also important to take into account that it is difficult to select a sufficient number of control patients for this kind of comparative study in Chile, a country with a high prevalence of cholesterol gall stone disease.23 In addition, this kind of comparative study always has the problem that measurements performed in bile obtained at a certain time do not necessarily reflect the phenomena occurred in the past during gall stone formation. The significant reciprocal correlation between relative aminopeptidase-N concentration and cholesterol crystal formation time in gall bladder bile of patients with gall stones suggests a role of this amphipathic protein in gall stone formation. It may be possible that the lack of correlation between both parameters in the control group reflects the activity of one or more cholesterol crystallisation inhibitors, which are absent or decreased in the gall stone group. Alternatively, qualitative differences of aminopeptidase-N could be responsible for the pronucleating effect in the gall stone population. In fact, biliary aminopeptidase has been found with20 27 and without28 pronucleating activity, suggesting that there may be different forms of aminopeptidase-N in bile. These possibilities are in line with the potential pathogenic role attributed to a series of cholesterol crystal promoting biliary proteins. 3 12 18 20 The previous finding of in vitro cholesterol crystallisation promoting activity of aminopeptidase-N20 24 and the present correlation between cholesterol crystal observation time and the relative aminopeptidase-N concentration in gall bladder bile of gall stone patients suggest a potential pathophysiological role of aminopeptidase-N in some patients with cholesterol gall stones. Additional studies are required to determine if quantitative or qualitative changes of biliary aminopeptidase-N, or both, have true pathogenic significance in cholesterol gall stone formation, including the comparison of gall stone patients with specific control groups and subjects with low risk of cholesterol gall stone disease and the use of experimental models of cholesterol gall stone formation. Large studies are needed to assess the predictive value of biliary aminopeptidase-N determinations in cholesterol crystal formation in humans. The concentration, relative potency, and significance of other pronucleators and inhibitors of cholesterol crystallisation must be also simultaneously assessed, before we can ascertain a specific role of aminopeptidase-N in the pathogenesis of cholesterol gall stone disease. 
